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Abstract: Physiological characteristics and root growth of clone seedlings from four species of wild tea plant were
investigated under varying conditions of water stress ( regular soil water content [ CK], mild drought stress [ T1], medium
drought stress [ T2 ], and severe drought stress [ T3 ]) in the Karst region of Guizhou Province to understand the

physiological response of the seedlings to drought stress and to screen out the drought-resistant germplasms. The results were
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verified by duplicating the field experiment over two years. The results of increasing drought stress were as follows; (1) The
relative water content of the plants decreased gradually, while membrane permeability, malondialdehyde content ( MDA) ,
and soluble sugars all increased. The content of free proline and the activity of superoxide dismutase (SOD) increased with
mild water stress and then decreased with increasing stress. The peroxidase activity (POD) in Camellia taliensis, Camellia
tachangensis , and Camellia sinensis showed the same trend as SOD, but continued to increase in Camellia gymnogyna. (2)
With increasing drought stress, the total dry weight of biomass decreased, and the root-shoot ratio increased under mild
water stress and then decreased with increasing water stress for all four species. The root length of Camellia gymnogyna
increased under mild stress and then decreased under increasing water stress, but those of the other three species decreased
gradually with increasing water stress. The total surface area and volume of the roots of Camellia taliensis and Camellia
sinensts showed a gradual decrease; but increased under mild water stress and then decreased under stress for, Camellia
tachangensis and Camellia gymnogyna. The root activity of Camellia taliensis declined gradually, whereas in the other three
species, it increased under mild water stress and then declined under increased stress. Speeific leaf area in Camellia
tachangensis decreased with increasing water stress, whereas in the other three species it increased with mild water stress
and then decreased with greater stress. (3) The MDA content and membrane permeability were closely related to the
drought resistance of wild tea plants. The order of drought resistance was Camellia’gymnogyna > Camellia tachangensis >
Camellia sinensis > Camellia taliensis. The accuracy and reliability of the evaluation method based on membership function

were validated by the duplication of the experiment over two years.
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0.Kuntze FE 5 4% Camellia gymnogyna Chang,,
1.2 ARk 2

KA IEBE 4 ANIKBREE . CK X BRZL (AR B K B 75%+2.5% ) s T1 R BE M8 (AHXF & K B 55%+
2.5%) ;T2 3l (KX KBl 40% +2.5% ) 5 T3 . 5B e (AR K o 25%+2.5%) ) N 4b R 5
NHEE,

PRI IR A SN R R R B S5 be, #E, pHA4.53 A AU 6.6 mg/kg A HLIT 10.68 g/kg B Al A
22.63 mg/kg HALH! 140 mg/kg AR 1.99 mg/kg ACH4T 40.51 me/kg ACHEE 21.8 mg/kg A X5 12.73
mg/ kg AR 0.19 mg/kg ARLEE 0.54 mg/kg F 3 30 mg/kg.
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Table 1 Name and origin of tea germplasms

% Germplasms Sl Origin Wik Altitude/m Average anﬁfiimion/mm
KIEAS Camellia taliensis(W. W. Smish) LT 1616.3 1229.2
KI“Z8 Camellia tachangensis F. C. Zhang L yiieepl| 1755.3 1398.7
2% Camellia sinensis (1.) 0. Kuntze S5V 878.2 1079.3
FJRZ% Camellia gymnogyna Chang By 1015.6 1038.4
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FUa R, RERASH A o] 7 Pob & B2 R X BRI 1,19 1,42 .2.66 175, K 2540 A& X ERY 1.13 1.27 .2.14
5, 253 2 X R IY 1.20 .1.40 2.10 %, BB 450 e X BEIW 1.41 1.51 1.84 £, ERE HET2MHE T 4
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Table 2 The effects of drought stress on Physiological parameters in leaves of wild tea plants

M R K MDA it hEm SR AR

iﬁplam Trftiim Relative water iiifij}tg MDA content/ Content of Content of soluble S(;]z S;gity (PUOE_?(;::?,/)
content/% ’ (pmol/kg)  proline/(pg/s)  sugars/(mg/g)
KHI% CK 93.02+0.98b 7.82+0.09j 5.35+0.10j 68.91+1.39h 5.28+0.03k 378.56+0.47] 20.73+0.34h
Camellia taliensis T1 81.26+0.94¢ 28.19+0.61e 25.87+0.65¢ 106.19+0.67¢ 6.27+0.031 415.53+2.28de 36.72+£0.92¢
(W. W. Smish) T2 63.07+0.76i 39.06+0.50¢ 42.14+0.92¢ 99.12+1.30de 7.48+0.10g 395.93+3.36i 17.44£0.35i
T3 55.08+0.68j 75.09+0.63a 73.03£1.17a 72.59+0.59g 14.06+0.07a 368.37+0.55k 14.03+0.29j
K% CK 95.97+0.59a 14.43+0.56i 10.01+0.60i 63.19+0.50i 5.91+0:19j 408.44+2.68(g 38.02+0.51g
Camellia tachangensis T1 85.67+0.39d 20.37+0.4%9h 12.46+0.08h 108.72+0.81¢ 6.67+0.03h 417.37+3.23¢d 66.53+0.31e
F. C. Zhang T2 79.70+0.76e 25.22+0.50f 15.89+0.13g 136.08+2.59a 7.52+0.08g 429.84+1.90b 80.57+1.00cd
T3 74.26+0.58fg 40.98+0.67¢ 27.72£0.72¢ 102.2+1.66d 12.64£0.11¢ 405.37+1.59gh 51.73+0.27f
% CK 92.76+1.04b 15.24+0.411 8.92+0.381 62.35+0:78i 6.25+0.06i) 412.10+1.90ef 81.15+0.94cd
Camellia sinensis (L.) T1 85.19+0.66d 22.43£0.51g 15.49+0.27¢ 73.07£0.74g 7.51+0.08g 425.40+0.84h 101.56+1.83b
-0. Kuntze T2 72.02£0.57g 40.91£0.67¢ 31.50+0.96d 96.15+0.54ef 8.75+0.06e 420.39+1.08¢ 127.02+0.56a
T3 69.30+1.19h 54.55+0.96b 62.80+0.88b 74.85£1.45g 13.13+0.09h 381.02+2.73j 99.15+1.30b
ES PN CK 96.15+0.54a 7.97+0.17j 5.14+0.15j 49.76+0.28] 5.99+0.071 392.38+1.22i 37.52+0.59¢
Camellia gymnogyna T1 88.53+1.17¢ 13.58+0.751 12.95+0.43h 95.28+0.86f 8.46+0.10f 428.33+1.73b 63.72+0.83
Chang T2 81.57+0.97¢ 18.98+0.33h 18.57+0.42f 120.21£1.77b 9.01+0.07e 435.50+1.27a 79.59+1.31d
T3 76.30+0.71f 32.78+0.84d 32.79+0.85d 95.57+0.74ef 11.03+0.11d 401.59+2.01h 82.95+0.58¢

[F] 51 AR A Fm G 25 25 5

SOD T PERf A T 52 b8 A5 B 1) I 2 ST ka4 KERAS RIS SOD & MR I W (i Hh B ZE e B e 43
ST BRI T 5.24% K1 9.77% ; KITASFIFE 45 SOD 1% M (R {8 3 BRAE vh B8 i3 R, 43 ) e ou B3 1
3.23%F1 10.99% ; HJ5 b 5 e FEEE A9 N, SOD 1 PR REAR , 78 51 B il R AR 5 4% SOD I 14 I 25 8 T 4 ]
Ab, HoAth 3 ASFh SOD IR AKX IR, LI — @ B T R haa nl s S AW T B SOD TS RIS, A BUE BR
S o3 BEL R Y i A 5 (E 2Rt — R A SR S, SOD T PERRC I 2 At LR Y o K vl 5
W3R s I HRTR AN S, 76 R — KT 2 Wil T 1) 52 35 R B A7 7E B 3 25 5 (P<0.05)

5%t BAHER, BRFE R4S POD iﬁﬁﬁ@ﬂﬁi@%‘ﬁﬂ@bﬂkiiﬂt%%,,Jﬂz%imxwmwrﬁqﬂ POD %
B e Tt e R e, KRR POD 306 4 19 7428 1k iR B2 5 /0y, L UG B 7E 0 B e 1, E X R n T
77.15% , 5% 123 (P<0.05) , 7 1 B8 AV e B bl K EEZE POD 36 i 3 (R T 5% IR ( P<0.05) 5 K 2R R4S
POD {AELET BE B8 T e, 2 8 TR IR (P<0.05) , 3 2 X BRI 2,12 1,57 A%, 7 B e oK) 25 A0
2% POD JVETFOA T 1% (HA B3 5 XTI (P<0.05) . 4 FREFAEZSM Qi - POD I MEAR L R B dei, K
HIESHAIR
2.2 JKGTIENE T AR A A T A R AR R AR AR SR

%% 3 SERARE], KIS IR AR i 10 3 i T LAt 3 MR 7R B R EE RN K e e R RBEER T

TS5 X BRFEAIR T 24.69% ,36.33% .51.61% ; K& T2 Wi B s, RIEEZRMR R SR m A R &R Sk
5F$E¥u KR RG22 PR Lt A AR B T30 R Bk 22 R A B3 AEh RS T2
JiiE T B AT AR RO EA B S TR R RS L S XTI 2 S AR RRE PEMEET
SR IE YIRHAT T KBRS (4 3R A A R A I A K
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KX FRAL S AE W o il 2 AR T At 3 APl ZE SRR B v BE VSR B2 e R, K 45 40 i) Lo BB AIG T
23.75% .30.40% 40.62% ; FERE A T , K AR H AR R A R R T B MR BRFLL AR R G 5
P4 5 25 v Tt B R KT A R B T R A A e A M O A S AR AR AR KRS AR RIS 1iE
N SR 5 7 R B E R K) AR e L AR RSP B RIR R TG 7 e R T R R A R R e L
T SRR R s, NI PR — o AR RIMOK BE ), i T R0 HE A T, KSR MR R
3 LT AR MR RIE ST bR 0 BT X A2

FERRRE R FE A T, 25 Wi o3 ) U X BEFRAIR T 18.46% 44.61% \54.77% ; (58 e 2809 L
T R AR S b AR 28T X8 AR IR 2R 906 ) 0 s Tk B vl B R B T SR e T B I AR TR
AT E WRSIETRY B E LT,

TERERE BRI BEK A3 IaE T, FE i A B i T 3 3 0l LU X REREAIR T 1.07% .4.09% (34.54% ; TE 525
AR T, T R B 5 25 5N B 3 Ferh A MR R SR A R R AR R SR AR R TG
7740 2 R T B AR ROV AR B AN B ZE R B e T e i A AR R A R B R R T R
HR R 2 BRI R 0 ) B AT 0T R ARG LU R R B R i A S 0 IR 22 R B3 R s AR e e 1 v
TR ¥IRE M AR RIEAS AR AR = AR RIOK RS, PRI T RS T IEH A K, FEHETR
Joip3E R eT LA i b T A AR AR AR R R RN G R — 2 AR R K BE T, B4

R3 TEEXE &R E W 2R IREIIRH 0

Table 3 The effects of drought stress on the root parameters and total dry biomass in leaves of wild tea plants

- BRI tgs'mf” gy TRREIR) BEGER REVMAE  RESK  RER)
Germplasms Treatments Total dry leaf are/  Rool-shoot ratio Root total suzrface Root total1 . Average  Root total surface Root afluwfylv/
hiomasy/g wea/om®  volume/em®  diameter/mm length/em  (mg g h™!)
KEEZR CK 12.11+0.03a  238.37+3.24de  0.53+0.02bc  355.50+2.03a 6.41+0.06a 0.73+0.01g 1553.98+6.23a  5.45+0.02f
Camellia taliensis Tl 9.12+£0.04d  250.96+3.03cd .0.54+0.02b 273.73+1.56¢ 5.20+0.05¢ 0.76+0.01f 1147.94+5.23b  5.23+0.02¢
(W. W. Smish) T2 7.71+0.07¢  184.63+4.23f 0.54+0.02h 238.73+1.45¢ 4.60+0.02¢ 0.76+0.01f 1098.16+£1.89¢  4.15+0.06]
T3 5.86+£0.03g  180.71+3.46f 0.53+0.01bc  134.82+1.67h 2.53£0.03j 0.78+0.01f 557.24£2.12g  3.66+0.011
IR CK 4.21+0.011  273.16+8.17bc.  0.45+0.01f 107.86+1.811 2.27+0.03k 0.84+0.01d 403.32+1.98i 6.24+0.03¢
Camellia tachangensis Tl 3.21£0.02) +251.89£2.37cd  0.68+0.02a 133.95+2.57h 2.5+0.01j 0.89+0.01¢ 413.44+2.18h  6.78+0.02a
F. C. Zhang T2 2.93+0.01jk 236.11+1.73de  0.56+0.01b 63.07+0.62] 1.06+0.031 0.94+0.01b 305.+1.23j 6.69+0.04a
T3 2.5040.01k 231.15+3.42de  0.45+0.01f 38.77+0.98k 0.93+0.03m 0.66+0.00h 134.77£0.15k ~ 4.29+0.01i
2% Camellia sinensis CK 11.32+0.04b . 173.86+5.74f 0.26+0.00h 294.04+1.15b 5.75+0.09b 0.78+0.01f 895.66+3.12d  6.08+0.01d
(L.)-0. Kuntze T1 9.23+0.01d  216.12+6.31e 0.36+0.01g 169.14+1.71f 4.11£0.01f 0.85+0.02d 596.71+1.13f  6.37+0.03b
T2 6.27+0.03fg  224.28+9.81de  0.25+0.01h 156.81+1.70g 3.92+0.07g 0.91+0.02¢ 598.06+1.56f 5.71+0.02¢
T3 5.12+0.04h  212.67+1.23e 0.24+0.00h 143.08+1.37h 3.37+0.07i 1.04+0.02a 402.46+1.67i 4.03+0.02k
L CK 10.25£0.05¢  117.82+7.26g 0.46+0.01ef 173.72+1.95f 3.74+0.09h 0.81+0.01e 816.5+3.34e 5.26+0.01g
Camellia gymnogyna T1 10.14+0.06c  281.13+6.78b 0.49+0.01de  244.32+2.24d 5.06+0.02d 0.78+0.01f 1024.51+2.34c  6.13+0.01¢
Chang T2 9.83+0.03cd  309.33+1.68a 0.50+£0.02¢d ~ 204.73+2.70e 4.18+0.09f 0.73£0.01g  1137.66+3.67b  6.71+0.02a
T3 6.71+0.03f  267.69+9.37bc  0.48+0.01def  180.41+1.01f 3.86+0.04g 0.71+0.00g 913.95+5.76d  4.73+0.03h

(e B 7] 7 5 2 T 3 2

2.3 BRI ZR S VY

PL 10 A8 b B S pRBUIASCOT- S (EX 4 BB AE A0 Bh B SR DT B E AT 28 5 PN (6 4) o AL W,
7 TN A5 B AR 2T A O BT 2 R RRKUCH : MDA | %%%(?i’aﬂiﬁﬁt? 0.1), P54
W7 BT D28 >R 28 >A8 > KHZE, Horb 4 R A= 2R R Ff S 98 I b 5 B 2% (0 SR el B0 34 {5 8
0.936 , A HAT SR BT TR A B A= 2R BB R ORI 2%, SR e (B 0.801, J& T T 7 9 HF A2
PRI G AL 5 R B A S R OIS (BN 0,032, i 4 die 22 A R R
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Table 4 Comprehensive evaluation on the drought resistance of wild tea germplasms

bt A W il
- KE S BEE AN comem: Hrbme S T RRES I
e FEH Index Relative  Relative MDA Contenst ’ SOD POD Specific Root Compre-
Germplasm .. . of soluble shoot . .
water  conductivity of proline leaf area . activity  hensive
sugar ratio
content value
PNEES FERBME(U,) 0000 0000 0000 0000 0000 0000 0000 0000  1.000  0.000  0.032
Camellia taliensi )
amer ta faenss BE (W) 0056 0316 0449 0035 0088 0034 002 0024 0032 002
(W. W. Smish)
KI% FEAEIHU;) 0904 0806  1.000  1.007  0.025 1010 0443 0580 0724 0589  0.801
Camellia tachangensis )
ameria tachangensi (W) 0.099 0218 0213 0124 0164 0077 0104 0069 0082 /0.056
F. C. Zhang
%% Camellia sinensis FEEHME U) 0670 0485 0226 0.077 0831 0345 1000 0367 0.000/ 0346  0.365
(L.)-0. Kuntze (W) 0076 0204 0401 0068 0120  0.062  0.070 «0.068 0.051  0.037
F) S FEEEAEU;) 1000  1.000 0888 0781  1.000 0907  0.810 . 1.000.. 0.828  1.000  0.936
Camellia gymnogy )
C‘lj"“'  gymnogyna B (W) 0.067 0220 0341 0103 0099 0052 0118 0123 4 0057  0.049
ang

2.4 HIEFEEET R0 25

PR HH )RR T SR g5 R R W, T 5% 4 FhEF A S A A AR IR B G (R 5) o &I
EAREE /N FE TR AR, R i i 3 = T A UG R e s, BRI, T 50 KRIZR A
TR, 2012 FFEIEHEN 59.17%+6.09% ,2014 4F-FICHN 55.00% +1.53% , bk G /N T 4 em, HIH]
BEAFREE T R0 45 R 5 & ARIRER B IPMN G5 R (R 4) BR3P EMIIE 1 4 R A= 28 B 95 540 51

SETE AR>S KT ZR>A0> KRB,

F5 HEFEEGHTTREN4HTEZRHEHERTN

Table 5 The survival rate and growth of four wild tea germplasms under the drought stress in field experiments

PR Germplasm TEFEH Death rate of drougth/% PR 4 Rise of plant height/cm
I ] Trial time 2012.4F 2014 4F 2012 4F 2014 4F

HZE Camellia taliensi
RI Camellia taliensis 59.17+6.09a 55.00+1.53a 3.000.08d 1.67+0.33¢
(W. W. Smish)

2% Camellia tach i

j(i* amethia tachangensis 28.27+2.13¢ 26.67+1.76b 5.47+0.18b 5.33+0.67b
F. C. Zhang
% lia sinensis (L.
A Camellia sinensis (L.) 36.011.45b 29.17+1.20b 4.17£0.33¢ 4.01£0.58b
-0. Kuntze
T ; '
TP Camellioggymuoeyng 11.43+1.05d 14.17+1.21c 11.10+0.54a 9.67+0.88a

Chang
(R BIE] 5 R 37 0 3 25 5

g Ertie

3.1 TEa xS AR BRI R R

TETRA0F T AR A 7 357K 7B, 240 0 58 52 80 1 03 26 0 B /N, Bt - PR kiR 2 AR S b 4
S A 2 WY 4 e AR X K i e S R R A A R IR AR AR, A v R R S0 R S B AR 2R 4
JME 2 F RN R B PR AR MU 2 TR, A 2 2000 ), 2 5 DRI B3 RERY BT Ik A RE B )
FEAE IR AT PR, A AN SN BR 2 i R A, 5 DR RS i AL ) (MDA ) s s 1 3mSR &R
GesZ BIBEIR!  BEAE AR K R, A RS2 A0 ™ A M S A TR, AT 0 2 O 0 T AR T A 4
PRIPEE RS, SOD POD J& i M AU B 1 28 S G R G , $H 67 35 V5 B 11 bl B iy 2T R sl e IR 32, T
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AN B P A AP R AR (RIS i 5 B R BT A ) SO HE A T 1B 5 A 1A
TERA AT AN I SR A T N T B E R B A 1 52 T R I AR AR
Ji 38 3 e R T P AR 0 B R A T2 s IR, AT BEL L 200 5 A 2, 394 s 200 M DR K RE 7, AR M 45 4, By
IRAHLBEK > o AW R R B T SO R L A N5, 4 R A SR 4 i it A MDA %
AR SRR IR & R SOD {RPESE TR, POD IS MEERTE b3 2R 1 M 1 3 T A, HiAth 3 SRRt
Thi ek, UL 4 FhEF A= 2 075 0 8 138 & IR 1AL R0 R Bl AR S0 T Sk, (HREEE T G
FELERTINGER , 35 2 I T AL AN G il 2R S 2 32 B . FE 528 LK) 2R RO R VA MDA 5 4 1Y
i BER/ N AR BT 5 B BRI R E, BJS BT, R HIR RIS A OB A MDA 5542t 2 = i 24
ROERE TR IS B R KA, B ZHRREAR, SRIIR B AT 5 0 SRk, Fe b3 2 ok~ 20+ 5
P38 ANEURR JEFOR T B3 25, FE POD 3% M BEE Wi P E AN 107328 i o, e 3+ S T POD B % P
A 2 B Ul ITIE SR RE ST HE A = o
32 TEPHAMRERAER | R S R B

MRA AR Y WOK 9 T 23, TR e e, Rl ad [ B 8 AR A8 8 HE R0 AR AR A B 7K
SIEREEN AR S G R A 57 AL R [N 3 R B 1 LA 25 53800 - Magnani &5 1 48 YAR 454
5 UIREAL TSI, —F AR HE A, SHEOM IR B . ABESE R, Sl 1B A 2R 4
TP RAR AR H 4 DRI AR 225, o RS A T8 70 MR AR AR ) 32 31 1 2540
i, AR T R A DRI T RE A, T RS W e RS RIEA N Gl R R A
i T T R 32 i A SR R SR I K o BB AR A E T e i AR AR
AR R RIS T RAMEAR Z AT AR 9/ | T PR — R SRR AR WK BE T, Gl 5% AR R B ], 24X
TERERE A0 T8 B4 AR 2P 28 AR AR 2R 05 ) AR ARG T SRl A 4153, % o B2 A E B2 /K 7 b3 197 %) E
JEZE BT AR Z RIS, Fe P 2 e B TR T 2t i R AR A 1A R 4 s AR
ZWOKFEST , PRUEAE T SRR BOIEH AR K AR 1 0 T e g AR R 2 A PR — R B R UK BE
T3, A3 S b A A B A2 ) D R

RWIT P AR BE b B2 S A T B RE T AR A A AL PRI BOAR R IOK BE T, PRIEAE T 54K
S TRIEF AR, 7EE B S ETh ol LOf i F i A AR AR SRR R AR B A3 I 45— 5 B AR R K
REST, i
3.3 HPESRWATE DL AL S VRN

Michael ™' | Pucholt ¥ BTN M AHT SRR 32 B 2% 0 2 Fh R R L5 A 12 0, S 30 5t 24N Aok S,
FHT M R A — ARG R G PPN I X T ARAEIR BT R IR0, B 2 1A B 5 2 80 13 55 S8 5OR
TPURAR B (H S )y g L MR 2 BB A RESEA TP, T AV S A A , 00 i e 5% el
PR RIS LT AN EN ] T IR R AR AEARA TR T 26 . R A IS v ok FH B A S i i e, 4
XA R TR, w30 4 i S LA N TR ) o SR S ARG T, 4 RN IR AR SR A v e
LR RIS AL H S B A —ZbE vl UL SO B — R RPN A T O T R A7 A — E PR JE B SR BR A
11 SN PRECS3 T T LAYE — i R b4 M AR 0 S T A XA b R M B A 2
FGAIIFE ] T Z WA SR 45 18 bR 1A I e 5 S R AT R SR S T ME . AR ER
4 PP AR MR R PR R SRS TR A R S TR 22+ R 45 R — By, T UL, T AR BRAE AR A SRR o
BN I7 LA AN S5 R 5 Dy AT, BT B A0 T 1 S S I L

25 L RTIA 4 TP AR 2B 4 i AT A 22 S B BT R R T D3 25> R s s KRB . T A KA
FAR SRR pR B A DT R ARG AT AT, TS MRa RS B A M A B B A T I R TR
P 2l LA i 5 S S IB @ VAT s R SR IE R G AR AR RIS T R AFRR BOAR AR AR R R ARG Y
HRAR WK BE Sy, 700 A0 (4 ik A 5 7K A G T AR, DR PR UE SR A TE 3 A IS, G+ X AR R Bl
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